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Baseline Baseline P1 P1 POP1 Slope Slope
HR 95% Conﬁdence
Interval)
HR CI(95% Conﬁdence
Interval)
HR CI(95% Conﬁdence
Interval)
HR CI(95% Conﬁdence
Interval)
Femur vector 1.46 1.08–1.97 1.48 1.21–1.82 2.03 1.60–2.57
Tibia vector 1.14 0.90–1.45 1.15 0.96–1.39 1.28 1.04–1.57
Patella vector 1.01 0.85–1.19 1.1 0.90–1.33 1.28 1.00–1.62
Area models
P0 to P1 change,
as % of baseline
Slope of change,
as % of baseline
HR 95% CI HR 95% CI
Medial Femur 1.71 1.44–2.03 2.07 1.63–2.64
Lateral Femur 1.29 1.16–1.45 1.30 1.13–1.49
Medial Tibia 1.43 1.23–1.67 1.78 1.41–2.25
Lateral Tibia 1.36 1.20–1.54 1.54 1.29–1.84
Medial patella 1.17 1.08–1.27 1.30 1.17–1.45
Lateral patella 1.19 1.09–1.30 1.41 1.23–1.62
Notch 1.40 1.15–1.71 1.38 1.14–1.66
Lateral trochlea 1.46 1.13–1.89 1.22 1.03–1.46
Medial trochlea 3.97 2.38–6.63 1.89 1.50–2.3691
DOES BONE SHAPE PREDICT THE DEVELOPMENT OF INCIDENT KNEE
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Purpose: Subchondral bone is pivotally involved in the pathogenesis of
OA. Previous studies suggest that subtle alterations in joint shape at
both the hip and knee may be involved in the pathogenesis of OA. At
this point it is unclear if bone area and 3D shape predicts the devel-
opment of knee OA. The objective of this study was to investigate if
bone area or 3D shape and changes in these parameters precede and
predict the development of incident radiographic OA (ROA).
Methods: The participants in this nested case-control study were
selected from the Osteoarthritis Initiative (OAI) incidence subcohort.
This subcohort contained individualswho; despitehaving risk factors for
OA; did not have ROA in the target knee at baseline. Participants were
assessed by knee radiographs and non-contrast magnetic resonance
imaging (MRI) using the OAI protocol, over a four-year period. Cases
were individuals who developed ROA during the study deﬁned as
Kellgren and Lawrence grade (KLG) of >¼2 on the PA view ﬁxed ﬂexion
radiographs. The controls (i.e, did not develop incident ROA over the
four-year period)werematched 1-1 byage group (withinﬁveyears), sex,
and baseline KLG status. Participantswere evaluated annually by clinical
examination, knee radiographs and magnetic resonance imaging (MRI)
performedusing theOAI protocol. Analysis of bone shapewas performed
using statistical appearance models built from MR images using the
DESS-we imaging sequence from baseline images released by the OAI.
Two measures of bone shape were used as predictors (1) the change in
tAB area on themedial and lateral femur, tibia and patella, from baseline
to 24 months and (2) the change in position on linear discriminant
vectors for the femur, tibia and patella bones. Linear discriminant anal-
ysis was performed on the principal components of bone shape from an
independent training set, consisting of 300 individual kneeswith OA (KL3-4) and 300 without (KL 0). This process identiﬁes the shape difference
which best discriminates the 2 groups. The 3D bone shape of each
segmented bone surface in the test set is projected orthogonally onto the
LDA vector. Distance along the LDA vector is normalised, with the mean
OA shape represented as +1, the mean non-OA shape as -1. Survival
analysis using discrete-time Cox Proportional Hazards Regression was
used to estimate the hazard ratios (HR) of predicting incident ROA.
Speciﬁc timepoints and longitudinal change HRs for each key predictor
weremodeled: at the timepoint 1 year prior to incident ROA (P1), change
fromP1 to the timepoint concurrentwith incident ROA (P0), the baseline
and the slope from baseline to 24 months.
Results: A total of 636 knees (318 controls and 318 cases) were assessed.
67% of the sample were female, the mean age was 60.1 (SD8.5) years,
mean BMI 28.3kg/m2 and 29% had a previous joint injury. Table 1
presents the adjusted HRs representing the change in risk of developing
incident OA per one standard deviation change in bone shape markers.
Table 2 presents the adjusted HRs representing the change in risk of
developing incident OA per unit change in bone area markers. The HRs
for femur shape at baseline and P1, and shape changes in all three
compartments ranged from 1.24 to 2.03, and HR changes in area ranged
from 1.17 to 3.97, and were all highly signiﬁcant. The changes in shape
were most strongly predictive in the femur vector and for change in
shape, rather than for cross sectional assessment. The changes in bone
area were most predictive on the medial side of the joint.
Conclusions: Changes in bone area and shape markers clearly precede
and predict the development of incident ROA. Alteration in bone area
and shape are potent predictors of disease development and there
should be a commensurate greater focus on these parameters for
therapeutic target development.92
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Purpose: Directional fractal signature (DFS) calculates the roughness
and directionality of trabecular bone (TB) texture regions at individual
scales. Previous studies suggested that fractal signatures (FSs) change
Abstracts / Osteoarthritis and Cartilage 21 (2013) S9–S62S58with knee osteoarthritis (OA) stages in a nonlinear way. We determined
whether the baseline TB texture, measured by DFS parameters, is
associated with the risk of tibio-femoral (TF) OA incidence over 30
months.
Methods: TheMulticenter Osteoarthritis (MOST) study is a longitudinal
cohort study of subjects with or at risk for knee OA.
Posteroanterior radiographs were acquired at baseline and 30 months
follow-up and read for Kellgren-Lawrence (KL) grade. Of 6052 knees
from 3026 subjects of the MOST, 2028 knees (1407 subjects) with KL
grade 0 or 1 at baseline considered eligible for the incidence of TFOA
(KL2 at the follow-up). Exclusions were screen overlapping (vertical
lines), under- and overexposure of X-ray (white or black bone image),
knee injury and surgery, rheumatoid arthritis, osteonecrosis, undeter-
mined TF status at 30months, or missing knee alignmentmeasurement.
On baseline X-rays TB texture regions were automatically selected on
medial and lateral compartments of the tibia under cortical plates. A
variance orientation transform method was applied to each region, and
seventeen fractal parameters were calculated at small (S), medium (M)
and large (L) ranges of trabecular image sizes, i.e.: four fractal dimen-
sions FDMEAN, FDV, FDH, FDSta; nine FSs along the direction of the texture
roughest part (FSSta_S, FSSta_M, FSSta_L), the horizontal (FSH_S, FSH_M,
FSH_L) and vertical (FSV_S, FSV_M, FSV_L) directions; four aspect ratios (Str,
StrSS, StrSM, StrSL). FSs and FDs measure the roughness of bone texture
and aspect ratios measure the texture anisotropy. We categorized the
knees into quartiles of each fractal parameter (Q1, Q2, Q3, Q4). In
compartment-speciﬁc analyses we assessed the association of baseline
texture parameters and incident TFOA by means of logistic regression
adjusted for covariates. GEE methods were used to account correlations
between knees in one subject. Odd ratios (ORs) were calculated for each
of quartiles in comparison with the lowest (reference). Trends were
tested. p < 0.05 was considered as signiﬁcant.
Results: Results were stratiﬁed by clinics since UAB and UIowa X-rays
were acquired using different techniques and resolutions. In the
longitudinal study, 54 (out of 874, UAB) and 80 (out of 1154, UIowa)
knees had TFOA at 30 months follow-up. For digitized ﬁlms, statistically
signiﬁcant ORs were 1.94 for Q3 of StrSM (medial) and 0.46 for Q2 of
FSH_M, 0.54 for Q3 of Str and 0.42 for Q3 of StrSS (lateral). For CR, ORs
were 0.32 for Q3 of FSSta_L (medial) and 2.56 for Q3 of FDMEAN, 2.95 for
Q2 of FDV and 4.08 for Q2 of FSV_M (lateral) (Table 1). For other texture
parameters ORs were not statistically signiﬁcant.
Conclusions: Baseline TB texture parameters are signiﬁcantly associ-
ated with an increased risk of TFOA incidence. In digitized ﬁlms, the
higher medial bone isotropy and the lower lateral bone roughness
(horizontal and roughest part FSs) have support in previous studies (OA
bone realignment and thickening). In CR, the lower medial and higher
lateral bone roughness are associated with the risk of OA.
Table 1, Risk of TFOA incidence by quartile of baseline fractal texture
parametersUniversity of Alabama (UAB), Birmingham (computer radiography (CR), 149 dpi)
Quartile (range) Incident TFOA/
No of knees (%)
Adj. OR* OR (95% CI)
Medial compartment
FSSta_L
Q1 (2.51 -2.71) 18 / 219 (8.2) 1.0 (ref)
Q2 (2.71 - 2.75) 8/218 (3.7) 0.46 (0.20-1.04)
Q3 (2.75 - 2.79) 6/220 (2.7) 0.32 (0.12 0.89)
Q4 (2.79- 2.96) 22/217 (10) 1.34 (0.65-2.79)
linear trend p ¼ 0.51
U shape trend p ¼ 0.04
Lateral compartment
FDMEAN
Q1 (2.59 - 2.77) 12/218 (5.5) 10 (ref
Q2 (2.77 - 2.82) 10/218 (4.6) 1.04 (0.41-2.67)
Q3 (282 – 2.86) 20/217 (9.2) 2.56 (1.14-5.74)
Q4 (2.86-2.96%) 12/221 (5.4) 1.16 (0.45-2.97)
linear trend p ¼ 0.34
U shape trend p ¼ 0.28
FDV
Q1 (2.45-2.70) 10/220 (4.5) 1.0 (ref)
Q2 (2.70- 2.78) 18/218 (8.3) 2.95 (1.25-6.95)
Q3 (2.78-2.83) 15/219 (6.8) 2.06 (0.83-5.10)93
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Purpose: Radiographic knee osteoarthritis (ROA) frequently is a bilat-
eral disease. The “Chingford-Knee-Study” found the 2-year incidence
of ROA (KLG2 in extended radiographs) to be 47% in 58 obese,
middle-aged women with unilateral ROA (one knee Kellgren Lawrence
[KLG] 0/1; the contralateral KLG2). ROA incidence, however, was
almost exclusively observed in KLG1 rather than in those without
any sign of ROA (KLG0). The aim of this study therefore was to
examine the incidence of ROA and joint space width (JSW) change
in KLG0 knees using ﬁxed ﬂexion radiographs. We hypothesized that
ROA incidence and JSW change are related to contralateral [CL]
ROA status.
Methods: Baseline KLG0 knees of 4796 participants from the Osteoar-
thritis Initiative (OAI) were included based on central radiographic
readings. After separating those from the healthy reference cohort,
knees were stratiﬁed by CL KLG status and CL trauma history (OAI-
variable: INJR/INJL). In each stratum (no CL ROA [KLG0/1]; moderate CL
ROA [KLG2]; severe CL ROA [KLG3/4]), the percentage of knees with
incident ROA (KLG2) was determined. JSW change (mJSW and x¼225
ﬁxed location) was available for a small subset. Statistical analysis
(crude and with adjustment for age, sex, BMI) was performed in those
with and without CL trauma history.
Results: 1618 OAI participants had 1knee with baseline KLG0 status
(892 women, BMI: 27.24.3kg/m2, age: 59.69.1yrs, 757 right knees).
Of these, 837 were CL KLG0, 304 KLG1, 253 KLG2, 111 KLG3, and
35 KLG4. Of those 466 had a CL trauma history, and 77 were from
the healthy reference cohort. Incidence rates and JSW change between
baseline and year 2/4 follow up are shown in Table 1. In the group
without CL trauma, ROA incidence at year 4 in the healthy reference
cohort was 1.4%. In KLG0 knees with risk factors incidence was
2.8%; the relative risk (RR) was signiﬁcantly greater in knees with
moderate CL ROA (7.9%; RR¼2.8; 95%CI 1.4-5.6) and particularly in
those with severe CL ROA (16.7%; RR¼6.3; 95% CI 3.1-12.8). The 4-year
minimal JSW change in KLG0 knees did not signiﬁcantly differ
between categories when excluding knees with CL trauma, but was
signiﬁcantly (p¼0.004) greater in those with severe (-570mm) than in
those without CL ROA (-424mm) when including those with CL trauma
(Table 1).University of Iowa (Ulowa), Iowa City (digitized ﬁlm, 254 dpi)
Quartile (range) Incident TFOA/
No of knees (%)
Adj. OR* OR (95% CI)
StrSM
Q1 (0.19- 0.57) 21/283 (7.3) 1.0 (ref)
Q2 (0.57-0.64) 17/287 (5.9) 0.89 (0.44-1.77)
Q3 (0.64-0.71) 23/291 (7.9) 1.91 (1.05-3.58)
Q4 (0.71 - 0.96) 19/288 (6.6) 1.17 (0.56-2.44)
linear trend P ¼ 0.33
U shape trend p ¼ 0.09
FSSta_L
Q1 (2.45 - 2.66) 22/283 (7.6) 1.0 (ref)
Q2 (2.66-2.71) 20/289 (6.9) 0.81 (0.42-1.54)
Q3 (2.71 - 2.77) 12/289 (4.2) 0.46 (0.22-0.97)
Q4 (2.77 -2.93) 26/288 (9.0) 0.97 (0.51-1.81)
linear trend p ¼ 0.65
U shape trend p ¼ 0.39
FSH_M
Q1 (2.28 -2.58) 22/288 (7.6) 1.0 (ref)
Q2 (2.58-2.68) 12/289 (4.2) 0.46 (0.22-0.95)
Q3 (2.68 - 2.79) 19 / 289 (6.6) 0.81 (0.41-1.58)
